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Abstract: To discuss the impact of bearing parameters, including the restrictor size, air film thickness
and air supply pressure, on mechanical performance of the orifice restricted aerostatic bearing. First-
ly, taking the orifice restricted hydrostatic thrust bearing with cylindrical chamber for an example,
carried out a numerical simulation and analyzed in the bearing clearance flow field, in which the orifice
size, air chamber size, air supply pressure and air film thickness were taken as the design variables,
established an orthogonal array by utilizing the basic principle of orthogonal experimental design, and
then took samples through numerical calculation of the bearing clearance flow field to obtain load car-
rying capacity and stiffness of the bearing; secondly. built an analysis mathematical model for load ca-
pacity and stiffness, in which the functions of each parameter and the impact of flow field structure on the
mechanical performance were taken into consideration, within the range of design variables based on the radial
basis functions model, and the obtained model was proved with sufficient precision through fitting verifica-

tion; finally, analyzed the impact of orifice size and air chamber size on load capacity and stiffness of the bear-
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ing, which provided a reference for engineering design.

Key words: aerostatic bearing; mechanical performance; orthogonal experimental design; radial basis

functions model
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Fig. 1  Aerostatic bearing with a single cylindrical

chamber orifice type restrictor
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Fig. 2 Boundary conditions of bearing flow field
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Fig. 3 Comparison between numerical and experi-

mental results of load carrying capacity
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Fig.4 Flow structure in bearing clearance
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Tab.1 Orthogonal experimental design points of aerostatic bearing

# l d U \% h Ps | = l d U \% h Ps | # l d U \% h Ps
1 0.1 0.05 2 0.05 5 0.3[18 0.25 0.15 4.5 0.3 5 0.35]35 0.350.25 3.5 0.2 14 0.7
2 0.1 0.08 2.5 0.1 6 0.35]19 0.25 0.18 5 0.05 6 0.4136 0.45 0.05 4.5 0.3 5 0.35
3 0.1 0.12 3 0.15 8 0.4120 0.25 0.22 2 0.1 8 0.5(37 0.45 0.08 5 0.05 6 0.4
4 0.1 0.15 3.5 0.18 10 0.5]|21 0.25 0.25 2.5 0.15 10 0.6]38 0.45 0.12 2 0.1 8 0.5
5 0.1 0.18 4 0.2 12 0.6(22 0.3 0.05 3.5 0.2 14 0.7(39 0.45 0.15 2.5 0.15 10 0.6
6 0.1 0.22 4.5 0.25 14 0.65|23 0.3 0.08 4 0.25 15 0.3]40 0.45 0.18 3 0.18 12 0.65
7 0.1 0.25 5 0.3 15 0.7(24 0.3 0.12 4.5 0.3 5 0.35] 41 0.45 0.22 3.5 0.2 14 0.7
8§ 0.150.05 2.5 0.15 10 0.6 (25 0.3 0.15 5 0.05 6 0.4142 0.45 0.25 4 0.25 15 0.3
9 0.150.08 3 0.18 12 0.65| 26 0.3 0.18 2 0.1 8 0.5143 0.5 0.05 5 0.05 6 0.4
10 0.15 0.12 3.5 0.2 14 0.7]27 0.3 0.22 2.5 0.15 10 0.6|44 0.5 0.08 2 0.1 8 0.5
11 0.150.15 4 0.25 15 0.3(28 0.3 0.25 3 0.18 12 0.65|45 0.5 0.12 2.5 0.15 10 0.6
12 0.15 0.18 4.5 0.3 5 0.35]29 0.350.05 4 0.25 15 0.3[46 0.5 0.15 3 0.18 12 0.65
13 0.15 0.22 5 0.05 6 0.4130 0.35 0.08 4.5 0.3 5 0.35]47 0.5 0.18 3.5 0.2 14 0.7
14 0.15 0.25 2 0.1 8 0.5]131 0.350.12 5 0.05 6 0.4(48 0.5 0.22 4 0.25 15 0.3
15 0.25 0.05 3 0.18 12 0.65]32 0.35 0.15 2 0.1 8 0.5149 0.5 0.25 4.5 0.3 5 0.35
16 0.25 0.08 3.5 0.2 14 0.7(33 0.350.18 2.5 0.15 10 0.6
17 0.25 0.12 4 0.25 15 0.3]34 0.350.22 3 0.18 12 0.65
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Tab. 2 @ array based on the RBF model

a w S «a w S a w S
a 11.885 2 2.727 9 og —2.2367 36.096 8 a5 —5.872 0 —0.855 7
o —3.2089 —3.3308 oy —10.5259 —11.152 3 Q6 —33.2019 —8.607 8
o —0.289 9 2.837 1 00 —53.555 6 11.973 4 a7 195. 343 1 53.626 4
o 18.969 8 3.656 1 o1 —7.6013 —4.3990 asg 31.486 9 —12.887 3
% 18.339 7 5.122 3 o2 92.644 7 0.014 6 asy —2.1011 —0.656 4
@ —3.447 2  —3.1939 o3 —100.3753  —6.3354 o 5.558 1 —7.080 5
o —0.177 1 1. 863 6 N —30.129 7 —76.304 5 1 30.589 0 4.100 3
o —18.864 8 —2.8151 o5 12.671 9 19.291 0 oz —13.713 1 1.647 4
37.184 8 11.883 6 06 21.5755 —23.127 2 o3 —136.577 8 —28.813 8
o —4.9378 —6.1367 007 —0.2185 —14.8379 oy —8.284 4 6.833 0
an 17.306 6  —1.699 6 N 4.0512 —4.302 1 s —0.3880 4.953 0
arz —12.3380 —5.2757 09 83.896 5 0.150 4 6 —16.320 4 2.183 0
a3 —5.5050 2.9710 50 75.493 1 52.024 6 7 —27.5610 —4.622 4
o 6.759 3 0.870 1 51 —61.051 3 —37.3681 g 16.038 3 —0.529 2
s —59.0129 —15.0360 a2 —17.907 0 14.565 7 oo —7.2029 —0.346 7
g —86. 145 1 4.029 8 a3 47.651 2 15.782 0 50 77.765 7 5.101 7
iy 0.3217 6.805 9 s 0.984 0 13.734 1
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Fig. 6 Relationship between orifice size and stiffness
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